INTRODUCTION 26
Riverbed elevation is a fundamental boundary condition for landscape evolution (Tucker 27 and Slingerland, 1997), alluvial stratigraphy (Daniels, 2008) , and for flood risk and aquatic 28
habitat (American Society of Civil Engineers, 1992) . Over societally relevant timescales, 29 anthropogenic activity (Syvitski et al., 2005) and climate (Inman and Jenkins, 1999) govern 30 changes in sediment production and flux through fluvial systems, and by extension, they affect 31 alluvial riverbeds (Daniels, 2008; Simon, 1989; Williams and Wolman, 1984) . But in contrast to 32 substantial work documenting anthropogenic impacts in alluvial rivers (Gregory, 2006) , we have 33 no corresponding understanding of climatic riverbed signatures, due to a lack of systematic 34 observations spanning gradients of drainage area and climate (Kochel, 1988) . 35
Previous work has suggested that climate etches its signature in river channels (Hartshorn 36 et al., 2002; Molnar et al., 2006; Stark et al., 2010) , but it is not clear over what timescales this 37 imprint develops, nor how precipitation changes are reflected in alluvial riverbed elevation. 38
Precipitation generates runoff and erodes sediment from various parts of a drainage basin, a 39 proportion of which forms the riverbed with grain sizes that provide resistance to subsequent 40 transport. This bed sediment is transported through the river network by streamflow once it 41 exceeds the entrainment threshold. The frequency of such transport is affected by climatic 42 regimes (Groisman et al., 2001; Molnar et al., 2006; O'Connor and Costa, 2004; Pitlick, 1994) , 43 producing reach-scale scour/fill (short-term variability) or aggradation/degradation (long-term 44 trends) over multiple storm cycles. For steady basin conditions, changes in riverbed elevation 45 caused by short-term variability in local hydrology (expressed as BEV at otherwise stable sites, 104
Fig. 1B). Over decadal timescales, however, BE trends capture systemic shifts in climate and/or 105 sediment supply (e.g., decreasing BE, concomitant with an upward shift in Q 50 and Q 90 , Fig. 1C) . 106
These factors suggest that changes in bed elevation may be intrinsically linked to spatial and 107 temporal differences in the frequency of sediment-transporting events expressed between 108 climatic regions (Baker, 1977; Knowles et al., 2006; Molnar et al., 2006; Tucker and Bras, 109 2000) . 110
Drainage Basin Controls 111
Models of long-term landscape evolution often assume constant basinwide sediment 112 supply, so stream power (e.g., Q*channel gradient) controls rates of BEC and further, Q scales 113 with DA. We find, surprisingly, that none of the following variables correlates with magnitude of 114 Publisher: GSA Journal: GEOL: Geology Article ID: G34070 Fig. 1D; Fig. A1 ), 117 indicating a positive first-order relationship between the magnitude of BET/BEV and the volume 118 of erodible alluvial fill (and thus scour depth) in progressively larger basins, irrespective of 119 network structure, basin physiography, runoff generating mechanisms, or geologic materials. 120
The Imprint of Climate 121
Building on prior work (Molnar et al., 2006; Pitlick, 1994; Tucker and Slingerland, 122 1997), we investigate the hypothesis that the flood events capable of inducing long-term change 123 in riverbed elevation are largely a function of regionally determined P variability (Tucker and 124 Bras, 2000) . Climatically, this should be expressed in Q distributions as a ratio between high and 125 mean flows. Thus, we computed Q 90 /Q 50 , or high flow variability, as a proxy for riverbed shear-126 stress distribution above a sediment transport threshold (Baker, 1977; Molnar et al., 2006; Pickup 127 and Warner, 1976) . We truncated this distribution at Q 90 in order to minimize the influence of the 128 rarest floods, and normalized BET+/ values by the median depth from all Q measurements for 129 each site, in order to investigate the climatic expression of Q on BET in a scale-independent way. 130
We find monotonically increasing relationships between depth-normalized BET+/ and 131 Q 90 /Q 50 ( Fig. 2A) , consistent with the idea that high-flow variability controls sediment flux and 132 further, morphologic change (Molnar et al., 2006; Tucker and Slingerland, 1997) . Bed material 133 flux occurs at approximately Q 50 -depending on climatic regime -as transport of the active 134 sediment layer (Emmett and Wolman, 2001) , and on the high end of the Q range as reshaping of 135 the channel (Pickup and Warner, 1976 Although the relationship between rates of BET+/ and meanP is poorly defined (Fig.  143 A1), we find that meanP has an indirect influence on BEC. Q 90 /Q 50 , which is directly correlated 144 with BET+/ ( Fig. 2A) (Fig. 2) , we question the potential impact of observed 153 changes in P and Q on BET/BEV. To remove any scale bias we computed percentage changes in 154 Q, and we find significant Qtrends at 26% of sites for which sufficient data exist (n = 187), 155 which reflect documented Ptrends for the contributing watersheds . 156
Qtrends (Q 50 and Q 90 ) increase with Ptrend up to 2mm/y, and negative Ptrends are associated 157 with concomitant declining trends in both Q percentiles (Fig. 3A) . We also find that moderate 158 meanP, such that Qtrend strength progressively declines in increasingly wet watersheds (Fig.  164   3B ). This translates as an overall increase in Q in dry regions (median +1.1% and +1.3% per year 165 for Q 50 trend and Q 90 trend, respectively, for sites with meanP<600 mm), and a modest decrease 166 at the wettest locations (median 0.5% and 0.6%, respectively for those with meanP>1400mm), 167 compared to the overall median value of either Qtrend across all climates (~+0.7%). However, 168 decreases in Q 50 are also disproportionately expressed at dry sites and at high elevation 169 (>1000mASL), and decreases in Q 90 prevail disproportionately at wet sites (>1400mm) (Fig. 3B) . 170
These disproportionate results suggest the complexity of climate change expression in 171 streamflow. 172
How might such Qtrends impact bed elevation? Since the data sets are concurrent, it is 173 challenging to discern cause from effect, especially if bed elevation response lags the climate 174 change. However, we find trends in both Q and BE occur at 18% of sites with Q data, and that 175 marked increases and decreases (>+1% and <1%) in Q 50 and Q 90 are both associated with 176 higher rates of BEC (Table A3) 
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